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IW*^ 1 1 XT TrrV^T. ^ f 

Zn^O. lJSSi^%m±2. 5IF.^%mT^*L. Y. Tb. Dy. E oRX>E r ^-h^J: 

Znio. llli^%m±2. 5M^%Jy.T^^b. Tb> Dy> H o 35.tJ^E r ^^S^ 
^ L > ^S1576^'M g ^ * 1^5^ iSi^ «8tt V 5/ A >g-#o 

Znio. llEi^%J':i±2. 5JK^%JJJ.T^*L. Y. Tb. Dy, H o :5.tJ^E r ^ 

;tL. La. C e. Mm. Pr. Nd. Sm. Eu. Gd. Yb> Tm. C a. S i , M 
n Zr. Ti. Hf. Nb. Ag. Sr. S cWA I -^^^^^^m^^h^n-^f^^'J^^^^ 

Zn^O. im.^%&.±2. 5M^%iy.T^*L^ Tb. Dy> H o ^t/^E r ^-^b *;2>S^ 
>&-(bS^$tL;i,/l?55:< fc^ laOTG^fcY^'&ti-ei. 0M?-%m±3. 51I?-%^:^T'^ 
Pi-L. La. Ce. Mm, Pr. Nd. Sm. Eu. Gd. Yb. Tm. Ca. S i. M 
n Zr. Ti. Hf. Nb. Ag. Sr. S cWA ^m^hmM^M^J^^^^ 

<ti>i moTtm'^^nx- o j^.i'%m 2 . 5 m=^%&^r^^ t. nwu g^-hm^. s. 

Znio. ll^.i=-%Ji;±2. 5}Mi^%&.r^^L. Y. Tb. Dy. H o &t/E r ^ 
Znio. 1J^^%J':J.Ji2. 5 M^^%JiJ.T'^^ L. Tb. Dy. R oRXJ^E r -A^h^j: 

Ti-hMU^ fi^{}^-^j:< ti, 1 m<D7tm t Y *^ft-e 1 . 0 }^.=^%&.± 3 . 5 m^%&^T^ 
Ei^ss^-^ iJ^ ^ -^^o 

tikis ~8<^v^-rn:i^-:^t:i*5V^-C. «fiBSiiJnXtl<^V^'>'*-:^?OI«**6 OHvlJl±l 
6 0HviJ)lT-e*;6iSl^S;^$g'ftVi5^:^->'>A>g-^o 

itim 5-9 ov^-f n7&>-:sici3v^t. fiia^ijnx%^i^i^t^iS^^^2 5 o mp a Jii±-e^ 

^ l^^JK l^l9tt^ i/;^ V A 
[if 111 
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12] 

Zn'^O. lJf>d=-%m±2. 5JKT-%iy.T#^L. Y. Tb. Dy. H o :5.t>'E r ^ 'Sc 

mm^mmmmmi^<o^^nM(7)^^^^^^ii o . i ^ mJiJ.± i o o m&.rx-^ ^ 

Zn=S:0. im^%m±2. 5m^%mT^*L. Tb. Dy, H o ^S-^^E r ^ 

mm^mmmmmik<^^^Bmm(D^^^^Bn.mt o. im mm± i o o m^j.Tt^* ^ 

l§5iSl«®Jte^ i?' ^ V >^ A -^^o 

Zn^^O. lJl^=-%m±2. 5Jl^%iy.T-^^U. Tb. Dy> B oRXfE v 

IftSiSi^lSI*-^ ^ :^ V A 
[W^^ 1 5 1 

Znio. lili=-%m±.2. 5i#.^%mT'^^L. Tb. Dy. H o ^t>*E r ^Sr^i^ 

tiria«^»8«^«itO^SM«l<^ Wj^H^H*i@t± 0.1// mm-h l O O mJiXT-C*> s 
^s^^^ 1 6 1 

Znio. llEi^%Ji)l±2. 5i^.^^%mT^*t, Tb> Dy> H o ;S.r>'E r 5&-<b JSr^S^ 
:0^P,SIR$tL-2,/J?'5j< i:'i> ia<^7G^i:Y'l:'a-tfT:'l. 01f^%m-h3. 5M^=-%J':iT^ 

ICE C A E =&^f o f^m<^^jEinXJ|^{i> j3V>Tftja^ail«5tO^^Hm^«r* 
HS^JKie^i*'^ ^ A -g-^o 

Zn^O. lJl^^%m-Ji2. 5M^^%J^^T#^U. Tb. Dy. HoWEr^-^^^i^ 
>&^ib^^?tt^/!.-/j:< i:^) iaox^i:Y*^ftt?l. 01f.^%m±3. 5Jl^%mTJ 
3SSB7&*Mg:*><b^^'7^^i/'i7A'^^il7t%«r>f^'9. tiFlB-Tir^ v>^7 A-a-^^^t^^ 
ICE C A E ^Sr^o /vrm^TJ^jDl^l^ti, ^iaic*3V^Tft^^mii«at<^^^Ha^«r^ I-- 

1^15^ i?' ^ A -^^o 
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[lt*:Sl8] ^ ^^^^ ^ ^ ^ 

Zn^O. imi-%&^±-2. 5^^%^:J.T'^^b. Tb. Dy. H o 3ll>E r 

miBM«^ii«^<^^B^^i^W±&^S«^#{i 0 1 nim± 10 0/. m£lT-C'*^lS 

[|t*]g 19] ^ ^ ^ ^ , 

Zn^^O. 1 Jl?-%iy.Ji 2 . 5iEi^%mT-^^L. Tb. Dy. H o :S.?>E r 
;6^eS#^^tL;5>/I?)S:< ffe l«<^X^i;Y=^'^ft-t?l. 01l^^%m±3. 5ir>^%mT^ 

tisBM»!!»»«^<7)^^aai^<^¥i^*SMS« 0 1 /« mJJl± 10 0// mmT-e^;2)« 
^atil5^14-v ;^ -^7 A >^^o 

ftJisi 2-1 9 ov^-rtL;ei^-:St;:fev^T. tff|fi#ffiL%. ■irlBE»> -iilfiSiBPX^X 
WIBBI»X!fe<?)e^y 5t;-^^gJK*^'6 0 H vJil.± 1 6 0 H v JSlT-C^^lSMKliiSlti'^ 

jl*^-^ 2 1 1 

ilkil 2-1 9(^v^-rtt)0^— :siii5v^T. ttfiBffffiLt;. "iriaffil^ti. mies^inx^x 

WIB?l»Xt?^±^ l#i^3t«5&-'2 5 OMP am±tr*^l«5^jSili^tt^i5r^v'^'-^'^^ 

''l»*]R2 2] ^^^^^ 
Zn«r0. im.=f-%^X±.2. SM^-romT-^^L. Y. Tb> Dy, H o ]5.t>E r :d-ib ^ 
;5.^^-'b«K^ti^i!'^^< im^TG^^-^ti-ei. 0M^%U±3. 5M^%J2J.T'& 

lcMX=l:=ffoT^jjnXJ|&«:'f1f H(ffSMXt/i::^${kS=Sr^o/::^<^^lraX%{i:> %U. 

mim2z\ ^^^^ 

ZnSrO. im.=?'%\>X±.2. 5 i^?-%J^J.T^^ Tb> Dy. H o:Rr>E r 
^ibS^$^'&^i'^*< ^'^> Itt'^^^^Y'gr'^tt-^l. 0m^^%m±3. 5M?-%mT-^ 

(cfiinx^^f o-c^inXJ|^=^'f^i9. |fffB3li*nxtit^«s=S:^To/cm(^3itinx!^{4. 

[W*3^ 2 4 ] 
[ft 2 5 1 

««2 2-2 4<^v>-ftL;6--:^lC:fev>-r. miBft®W«Jl«at<^^H^ai^<^¥:J*J^^3S 
[If 2 6 1 

11^:^2 2 - 2 5 <0V^-r:rL>6^— :SH:feV^T> tlUWm'XM(0}£ -y ^ - :^m.'&ifi ^ OHvlJl. 
±1 6 OH vJ^J.TX'^^&i^^^Mtt-^^^^^^'^-^'^^o 
[W^:52 7] 

f»^:^2 2 - 2 6(^v^TtL>&— i^trisv^-C^ 1trfB^inX!^Ol^i^5SJS*5 2 5 OMP aJil.± 
jgg-^^ 2 8 1 

^5^2 2-2 7(^V^-rtL*^-:SlC:fev>t. frlB3Si^X«^ EE®. #ffiL. ECAESU* 
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jl^^-^ 2 9 1 

Znio. llli^%m±2. 5JI?-%J^iT^^L. Y. Tb. Dy. H oRZ^E r 

luSBftji^l»ii1t^<^^H^BM<^^^^^*^Sf* 0.1// m£J.± 10 0// mJaJ.Tt?* 
jlg^-^ 3 0 1 

Znio\ lJld^%m±2. 51I^^%£'.T-^^L> Tb. Dy. H o ^^^E r <b ^ 
3 1] 

Zn^O. lM^%Jy.Ji2. 511^%mT#*L. Y. Tb, Dy> H o :5LtFE r ^ ^ 

mm^mmmmm^<^^^Bm.m,o^^^^B»^ii o. im nim± i o o // m jy.T-e^ ^ 
im^^s 2] 

Zn^O. 1M^%J^JI±2. 5I^^^%J':J.T'^^U. Tb. Dy. R oRXfE r ^-h^j: 

[W*]® 3 31 , . . ^ 

Zn=^0. lj[f,i=-%m±2. SM^-romT-g-^tL. Y> Tb. Dy. E o :SlZ> E r h ^J: 

mm-0:mmmmm^<^^^m.m(o^^^^m.mi o. m&.± i o o // mmT-e^* 

Znio. llEi^%J':J.±2. 5M?-%J^T^^L. Tb. Dy, H o^S-W^'E r :&><b^^^ 
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^^^^^^gg 3 6] 

Zn^O. im^=-%J^i>±2. 5IEi^%mT-^:tL. Tb. Dy. H o E r ^ ^Sp 

irgifejjnx«ri[ToT?life]!jnxtf*'flF«9. lfiB?l^linXJ^tcMs=Sr^f o/i^<^51^*nxJ^ 

t4> 'MUKi3^^x^mmmmmm<D^^Bm.m.^^L'. 
mmmmmmmmit'tn'o^^B^<Dwm^mi i o %jii.±-e^) n . 

lfi*:S3 7l 

it*]® 2 9-3 6 OV>-f tL/ii^— :Sl^i3V>-C. ItifB^f ffl Ltl> tiflBI±®%N tfflB5it)nXt/X 
{4tirlBBIifeJ!Jt]Xii?oe-;/3&-X?£jg>0«6 OHvm_Ll 6 OB.v^lTX:^^^^mmm^'^ 

[ff*^3 8] 

m^M2 9~3 7 0V^-f*T-;5— •WriB^aiL!^. tfriBJE@%> fflB5iiDXt;X 

{±ttfiaBlife*aXJ^t±. ^'t^5^iK3&*2 5 OMP aJj;_t-eab*i^MjKiiii9'ttvjr^'>'i7 a-^^ 

lt*^5~3 8<^v>-rtL;e>^— ]Sti:fev^-C. ttrlB'7^^^->'^/-^'^^^^t>{4> Las Ce> 
Mm. Pr. Nds Sm. Eu. Gd. Yb. Tm, Ca. Si.Mn, Z r. T^, H 
f, Nb. Ag, Sr. ScRXfAiTf)^(b^j:^^-^^hmiR^M^>^^J:<ti>im(D7€m'i: 

l»*:S5~i Kox^^-fM^—wzisx/^x . ttria^inx^tr^M<^t&lB'^i>'^'>'i^-^^^^ 

[m*]S4 1] 

ZniO. im^%&.±2. 5M^%MT-^>tL. Y. Tb. Dy. U oRXJ^E r ^-h^J^ 
^^ib^hM^^ti^a^^tj: < tii lU'Djtm^'ttfXl . 0II?-%jy>±3. 5iE?-%J!y.T'i' 
;tLs >^a5**Mg;0><b^^"7^^'>'>-'''^^^itJ^*f^*xet> 

iJ^^ -^7 A -^^^attl f-5^iOX Sr^T o T5^inXJ^ -Sr-f^ ^ X^ t . 

[i»*]®4 21 

ZntO. 1 j[l^%JS)lJi 2 . 5m'^%i>Xr^m\^. Tb. Dy. H o SO^E r )5» 5fe 

ttiiE#2 004-3122099 
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m^m 4 3 ] 
m^m 4 5 1 

11^:^4 ix{44 2 tci3v>T. BuiB^i]nx^ffoT?^tjpx%'^f^ax@{4, tfria-^^^^t-v 

^M^^^^mmm E C A E ^#0 T^JnXtJ =^f^^Xg-C^ 19 . ttllBE C A E =£:tf 9 

zam^n 5 o'Cjeii±5 0 ormT^ e c AEo^^T^m^a^ 1 ^^:^&,±x$>^-m^mMm^ 

[W*:^ 4 7 ] 

it^:«4 ix{44 2izi3\^^x. mzmum^^xmniim^i^^JMii. mu-^^^i^ 
^ A ^^mm^ 5 i&i nx ff o T 5 1 ^snx^ii =Sr ^ x« t? ^> «9 . uria? 1 fesnx 4- fir 9 1^ 

[f»*«4 8] 

lf*:S4 1~4 7<^)v^-r^^;5*-3S^C:fev>T. m^®tniX%=l:'f^;5>Xg<:of^iC, |lrfB5llSnX 

w^:^4 8iizii\,^x. mM'i^iuj:mi,zm^mi^^m(Dmfskmumi±i s ot:m±4 0 0 
umm 5 0 ] 

m^^4i-4 9<D\^>irfL^—miizi3\^^x.mm-7i^^i/^j^^±mm'^it. La. ce 

. Mm. Pr. Nd. Sm. Eu> Gd. Yb. Tm. Ca. Si.Mn. Zr. Ti. 
Hf. Nb> Ag. Sr. S cRZJPA I :hWTb^<bm^^tL^^-^ < t i> im<Dyum 

im^m 5 1] 

fB5^irax% i£- ^ x^ t o n . «[fa-r ^^^^^i^, ^^mMm ^mwi-r^^tKx-ox^ 
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[0 0 0 1 ] 
[0 0 0 2] 

m^MT-fi. •^y#g^'fbo'{Em<^)/c«6iz, (Rs-p/M) mi^m^ 

[0 0 0 31 

-^ir^'y^M.^^tX^X. Mg-Al^. Mg-Al-Zn^, Mg-Th-Zn^. 

Mg-Th-Zn-Zr^. Mg-Zn-Zrm> Mg-Zn-Zr-RE (5fr±ffl7U^ 

itL^O;Si5^S:S.TOi9tt*^-r'2>-7i^^-^v':/A^^i: LT. Mg-Zn-RE (#± 
[0 0 0 41 

\m^-%m 11 #11^3 2 3 8 5 1 6 -i-^Zr^ (11 1 ) 
[#W^:*:m2l 8 0 7 3 7 4-^5rm 

[#11^:$:^ 3 1 #|i 2002-25637 O-f-^S-^ (#f|=lf*O^H. II»J) 
[^BJOM^I 

[^Hj L J: ^ t -2. mm\ 

[0 0 0 51 

L:*^L^;e»*ib> ti&JfeOM g - Z n - R E^^#-e{±, ■e?lJx.{fT-=&;V7 r 
•^%¥km\^. Wm^¥^it\^X%^l^<r>'^^^^y^J^^^-k%X\^^ik,o ■f-LTmSBT'=E;V7 

[0 0 0 61 
[0 0 0 7] 

[iSMt-^si^i-'S 7tfc(7)#^i 

[0 0 0 81 

iL^m.m^'m^-t^fzib^ ^^m^'^^%^^'^M'^'^^%''y'^M.%^\t. znto. 

tbtE# 2004-3122099 
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[0 0 0 9] 
[0 0 10] 

i£:;^L/cffl^t;** LT^jK25.c^^SJl4t ^> \z%m^'mir^ 'fc<7)t'*So 
[0 0 1 1 ] 

JliiLT'^^L> Y, Tb> Dy. noWErii^h-^j:^m^i}^hm^^fi^!i^-^j:<h^im.(D 
TG^Sr-^W-ei. 011^%jy.±3. 5JI^%JKJIT#^L. La, Ce, Mm> Pr> N d 
, Sm. Eu> Gd. Yb. Tm, Ca. Si> Mn, Zr. Ti> Hf, Nb, Ag, 

S r. S cWI^ 1 >6^??>^^S^:i-^^#?$tL^/!.>;Sr < t 1 a(^7C*=^^ti-e 0 

%®4. oig^%mT-e*;s.o 

jSe. Mm (5 y '>aL^ C e S-ti^L a i-;2):^^<^:^±li7C^<^rl 

[0 0 12] 

J^T-^^L, Tb. Dy. H o :5.(y^'E r ^fc loM^^^ < i: ^fe 1 a<757C* 

tY^-^ff^l. 0il^%m_h3 . 5ir.?-%JlJJ.T'^^L. La, Ce. Mm, Pr, Nd 
, Sm, Eu, Gd, Yb, Tm, Ca, Si,Mn, Zr, Ti, Hf, Nb, Ag, 
S r, S c-RrfK 1 ii-hi'£:hm-ii-hWR^iX^{ifi'£< t i> 1 SOTC^'Sr^tf-C Oi^i^%jS 
2. 5Mi^%mT'i-*L, 3S§B:d«Mg75>P>^«5, JLo#±|g7C^(^|t-^;tfi35* 1 . OW,^ 

[0 0 13] 

±iBO^§l?^tc#;S-?-tL-rtL6Dift5i;K^^$9t^-7i^^v>i^A'g'^lcJ:tLtf, La, Ce, 
Mm, Pr, Nd, Sm, Eu, Gd, Yb, Tm, Ca, Si,Mn, Zr, Ti, H 

f, Nb, Ag, Sr, S c:S.O*A 1 /5-ib^;2.#;6-^31^:^tt^i>^< t ^> ia<7)7C*=lr 

[0 0 14] 

J^T-t^L, Y, Tb, Dy, H o :S.O^E r tL-S^!?^ < i: ^) 1 

7^*«-^t^■el. 011^%J^±3. 5m^%JJJLT'^%L, ^SR**Mg;6^ib^* ViS^^i/^ 

[0 0 15] 

:*:|&5^tC#:&ie;5iJKiSJi?tt-^^^:^^5/^7A-g-^{4, Zn*0. lll^%m±2. 5Hi^% 
mT-^>frL, Tb, Dy, KoRV'Er-i(f^h^j:i^7!r-hmm.^fi^^^£<ti>im(Dytm 
tY^^nfX-l. 0il^%m±3. 5JI^%iy.T'i-^L, ?^IH5>6-*Mg;*>i^^-S-7;J'-^,v"i7 

[0 0 16] 
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10 0 1 7] 
[0 0 18] 

-^^IS/0«6 OHv^Jil 6 0 H vmT-e^-SC:t>6s$fS UV>o 
5 OMP am±tr^-2)Clfc;6^»t Lv^o 

o 

[0 0 19] 

Zn*0. lM?-%m±2. 5J^i^% 

o 

[0 0 2 0] 

mT#*L. Tb. Dy. HoRXJPE x7!)>h^J:^^:A^hM^^ft^^-^J:< ti>im(7)jum 

gate *5 v> T ftji«i3^;i«^<^^Hl MM * ^ t > 

•iriBS^»l«€«it<^^^ffi.i^<^¥±&^^*a:#{i O . l mm± l O O mJiiLT-e*> 

o 

[0 0 2 1] 

^^tmiiZ^m^n^^-^m^-^v^i^^^^^ii. zn^o. ij^^%j^±2. 5iE^% 
mm^^mmmm^i:n^m^^<Dn^m^mi i o %m± ( i jj^if t l < 1 5 %m± 

) -e^i9. 

mBMmmmmmi&<o^^m.m<D^^^^m.wi 0 . 1 a* niiii.± 1 0 0 miikTx:^;^ 

[0 0 2 2] 

mr-^Pl-t. Tb. Dy. H o5:^>*E r ;5-?5^^S^:a-^^^$tt^i>^ < ^ iac7)7cK 

A^^mitm^i'f^. w^'^^^>'^j»^^m^mizs.m^^-:^fz^(DE.mi\^ii. 
^\^^x^mmmmmM(om^m.i^i:^L. 

ffiiE# 2004-3122099 
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o 

10 0 2 3] 

T-^^L. Tb> Dy, E oJ^V^E r Ti^h^^m^h^lffi^i^^^^^J: < ti> im(D7tmt 
) T-*»). 

o 

[0 0 2 4] 

J-JvT-^^L. Tb^ Dy. lloRXJPEri!)^h^j:^f^7!}^hMM^fi^^^^^J:<ti>im.(07um 

) -c^i). 

o 

10 0 2 5] 

■^wh\''^.h-m'^i^-^m'^-^^^-'y^ i^'k^^t. zn^o. iMT-%m±2. 5M^% 

J^J.T'a■^L^ Tb^ Dy. H o :S.O=^E r 7&> ^^1^$ ti.;i>i>* < ^ t 1 S<^7n^ 

MlBftMM#dt<^^^mi^<^¥*&l§B%®Sli 0 1 fji ram_h 1 0 0 /z m£I.T-C$)^o 
10 0 2 61 

J':JIT-^^L^ Tb. Dy^ H o ISlO^'E r :6^e> ^ ^i^^^ tL;2>/!.-;^ < J: ^) 1 ^c^TC^ 

iriaftjiisa«;i«7t<^)^H%ai^o¥±&*s^H«^^{±o 1 ;«mjy._iii 0 0;£/mmT-c*;&o 

[0 0 2 7] 

»Xti:mK^inX%0 If y ij -7.m.^i^ 6 0 H V J£J.± 1 6 0 H v mTT-ab ;S C: i t 

mxit-mmwxnim\t. ^^^^^^2 5 omp a>:i.Ji-e*s ^ lv>o 

[0 0 2 81 

Ji;T-^^L> Y. Tb> Dy, }lo-SLXfExi}-^h^J:^^'b^hmU-^fl^{}^-i-j:it%im.<0 

miE#2 004-3122099 
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[0 0 2 9] 

^mMi^^^M^^^mmmn-^i^^i^^j^^^ii. zn^o. iii^%i^Ji±2. 5m^% 

[0 0 3 0] 

*S^m«IW*&Ma«i[#76«0 . 1 mm± 1 0 0 mmT-e*;2> i t7&s$f^ L^v^o 
[0 0 3 1] 

-;^®JS:6*6 0Hvm±l 6 0 H vmTT'^;i,C Lv^o 
^56*2 5 OMP aiik±-:^^^^ti()mt Lv»o 

o 

[0 0 3 2] 

2^%0JiC#J5,i^^ft;ftM4-7i5^^v«i7A>^^{i, Zn^O. l]l?-%i^il±2. 5il^% 
mT-^>frL. Y. Tb. Dy. U oRZTE r ^--h^j: ^^■A^i^^^^fi:h{i^:^j: < t im<D 

Mm^mmmmmitt:n<^m^^oim^mi i o %m± (j; 190* l < {± 1 5 %m_L 

) -e^Jj. 

«rfB«M»i«®«itO#tH^ai^O¥*l;^^*fi:^{4 0 . 1 mm± 100^ miikTX^^ 

o 

[0 0 3 3] 

^l&0>gtC#^i^^Sl^i9tt-^i5^^>v">A'g'ik{4, Zn=Sr0. im^%iik±2. 5m^% 
mT#^L, Tb. Dy, H o RXTE r if-h^j: ^WTi^hmn^fl^^P^j: < t ii im<D7um 

HfriBftS»imS#3tSri^Ojg^«i[0>f$:«:9-^li 1 0 %J^± ( J: Ij 4 L < f± 1 5 
) X$>^. 

[0 0 3 4] 

*l&igt'#^lft5iSi^^^tt-7ir^-vV'i7A'^^{4. Zn=|-0. 1IK^%])JI±2. 5Jg^% 
mr-g-^L. Y. Tb. Dy. H o :S.O^E r :5^e> ^ tL-S^^^: < i ^ 1 jSI<75 

J'^'k^mmm^i^^. trlB-^j5^^'>'>A'^^|^it%lCjEM«r^ToTJEMi|^=g:#l9> miSffi 
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o 

10 0 3 5] 

i^T-g-^tL. Tb> Dy. H o 25.t/E r ^i^ib < ^> 1 ®<^7C* 

Btrieft^«li«igm3i=£:if oMS^<^#:«^^f4 1 0 %J£l± ( J: •) §f f L < {± 1 5 %m± 

) T'^t9. 

O 

[0 0 3 6] 

Jl^^T-^^L. Y> Tb. Dy. H oRXfE r ^-Cb^j:^^7!)-hmiR^tL^^-tj: < t t im<D 

Tum^^ftr-l. 0iIi^%J^±3. 5lE?-%Jiy.T-^>tL. ^WMg;6^fj^^Vi^^v<^7 

Htris«J^«a®«it^^t-o*§Hi*a<^#«:^^{4 1 0 %m± ( i 0 »^ t < {4 1 5 %J!y.± 

tlriBft^»l«^«3t<OJ^H^Hmi^<^¥*^»S^S:#(4 0 . Iju niJ!U± 10 0;. m JJlT-e* s 

o 

10 0 3 7] 

mr-^^L. Tb. Dy, RoRVE ri)^h^^mif^hm^^fL^^-^< tii im<D%m 

ttrfB:S^»i«S«3tS:#^^H%3^0#:||:9-s^{± l 0 %m± ( J: i? «f * L < {4 1 5 %JlJ)LJi 
) -e^i?. 

Btffa«^^^Ji«7t(7)#gB^lii^(^^*||^^H^#{4 0 . 1 ^ mJSl± 10 0// mmTT-^) 

o 

[0 0 3 8] 

:^§tmKm^n^m-^m'&-7:^^>'^j^^±it, zn^o. iji^%m±2. 5ie^% 

iy.T'^^L. Y, Tb. Dy> H o :S.r>^E r =&^S^;d-e>®^l^^ tL^/l?^: < t 1 
"[0 0 3 9] 

:^^mi^%^^^&Mm-^^'^-^i^'^A>^^lt^ Zn^O. li^^%JiJL±2. 5irxi^% 
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■^^^mm^mm^<om^w^(D^^i^^m.mt 0 . i^l mmjt 1 0 0 // mmTx-^ ^ 

o 

[0 0 4 0] 

M%Xtimiia»X!il<^e-;' :^"->!>®JS>{»5 6 OHvM±l 6 0 H v JSHT-^^'S ^ 
[0 0 4 1] 

3t%t±^ La. C e. Mm> Pr. Nd. Sm. Eu> Gd> Yb. Tm. C a. Si. 

Mn. Zr, Ti, Hf. Nb. Ag. Sr. ^ A \ -h^htj: :;hm'h--hmM^i'y^^{i^^ 

[0 0 4 2] 
[0 0 4 3] 

^^mizm^-Amm^m^'^v^'>^A^^(Dmm-:iimt. zn^o. iM^%m±2 

. 5JH^%J!y.T-i-^L. Y. Tb. Dy. H oRX^E r Ti^h^^m^d^hMIS^^ii^^^j: < 
i 4) 1 a<^)5G*=lr'^ft-e 1 . 0 m^%iik± 3 . 5 }^^%iii.T^m L> ^^:6^M g ^.^^ 
V ^ V -i? A i£:# S t . 

tffia-7 ^ ;^ -g-^^^i^ ^finX 'Sr o T ^SnXtf X® t . 

[0 0 4 4] 

5i^^-%mT'^;frL. Tb. Dy> RoRV'ETi)^h^j:^^^^hM1K^fL^^J^ti<^ti>l 

mm-^y^iy^yj^ -^^mmm Kmiiuj: ^n-^x mijujim ^v^^ x® t . 

[0 0 4 5] 
[0 0 4 6] 

t/i. :^^mi<^m^-Mmm.^m^-^^^^^^'y^^^<DmM:^mi^:^^^x^ mmm-nnxa 

[0 0 4 7] 

tfz^ ^^mK^^-^mm^mw-^^^'y^-i^^^iiZisy^^x, mm^mji^^f^xmM 
urn ^f^^nmii. ^ V A ^^mmm KmmL^n^x muJim ^ ^ x^ 
i9> #mLzas*n 5 ©^^^^±5 0 ormr. ^mLKx^mmwj^^^-^^s o%iik±x 

[0 0 4 8] 
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[0 0 4 9] 

^fo =S:'f^^XS{±. Mf2-7 ^^-^ V 'i' A -g-^^^ttl E C A E 'Srfir o TStipXtf 

Sr-f^^x^-e^i?. -iriSECAE^^f oi^<^?as5&^u 5 ormis 0 o'CJ^^T^ ecae 

[0 0 5 01 

o T ^ jfjpx^ ^-f^ xs {i , Hu 15-7 V ? imnx ^n^^x^mmn: 

m'ki^^T.mx^i). mu^\mnj:^nr)m<Df^m-^^i 5 orm±5 0 oicj^t. Htria^i 

[0 0 5 1 ] 

ho citLtcio^ i^iakaf^<^5^spxi>o®§s.«t't5^S'^«a«rtwjt'<T$e>t^t^± 

[0 0 5 2] 

Km^M^^o^^<Dm^mMLmt 1 s 0 t:ii;_h4 0 0 "cmT-c^ »9 . i^^iiks^F^ti 1 ^i>x 

_hl 5 0 0^mT-C*'i)C:i:>6W* Lv^o 
[0 0 5 3] 

^m^m^U La. Ce. Mm. Pr. Nd. Sm. Eu. Gd. Yb. Tm. Ca. S 
i. Mn> Zr> Ti, Hf. Nb^ Ag, Sr. S c^StW'A 1 **S^;i>*^>^^$tL 

M-^>tfi7&^i. oiE^=-%j®4. oii^%mT'C2bSo 

[0 0 5 4] 

l^^A -^^mmo ^^^-XMh miBSfijtJPX^ ^'f^ ^ XS t <^ . -irlB-^ -i^ A 
i>Jimx^ho 
[0 0 5 5 J 

&.±Mm LfzXd l>z:^^m K X fUl. -^if^'y^J^ ^^(D^iz L fcffl ^ tc^J" L T m^'R 
[0 0 5 6] 

[0 0 5 7] 
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[0 0 5 8] 

mm<^mm i ) 

^^hm^ 3 7tXii4 7U&.±(D^^X^^^ #±»7Ei*{±> Y. Tb. Dy. KoRZ/Et 
[0 0 5 9] 

[0 0 6 0] 

<^T|5&Sr0. J:«?$f^U<{40. 51^^% ^&±«x*0^tt-'^«<^T 

^^1. 0i[r.^=-%i:i-So 
[0 0 6 1 ] 

mmRxfm\i<Dmi^iiMm^o. 5~i. 5ii^%tc:fev^TWtc^;&o 3Ef&-^«5&* 

[0 0 6 2] 

[0 0 6 3] 

(ll*fe<^5^S2) 

:2^|§|go^Jfe£r)^S2 i-S'^i/^.v-^/A'^^t LT{i. Mg-Z n-RE^mHt::M 
g-Z n-RE-Me^-TiJ^^-v"^ A'^^75^^lf'^>tL;2,o iSL. M e (± L a. C e. Mm 
. Pr. Nd. Sm. Eu. Gd. Yb> Tm, Ca. Si. Mn, Zr. Ti. Hf. 
Nb. Ag, Sr, S cRX/ A h^lSi^fi^^Jf'^j: < ti> im(D5tmx$>^ 

{il. 0I^^^%®4. OM^%jy.Ti:-t^o Me =^^j]n-t'5> iS^^gl^ig-l^^rfiii^FL/i 
tt. mo^n^^^m-t^^tTb^X^^o Mm Hi. CeR^^L 

^^i-:hii<DX^^o 
[0 0 6 4] 

immoj^m s ) 

mm(Dmmixit2<D^m>h^j:^-r^^zy^j^^^^mmLxm^L. -^^^-^z^^m. 
^^mikm^i^^o mit^<D^mMmito. i~i o o ok/^-t^^i:). i:i9$ftL<(± 
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[0 0 6 5] 

E C A E (equal-channel-angular-extrusion)iPX^^ EMWBm^m^^^ 

O 

nmuz X ^mmn^^^^^it. nmi^um^ 1 5 otcjji±5 o o-cmr^: l> 

[0 0 6 61 

5^K:S:TO'te^^'^ftfc^^#^#^:;^ST-^^o EC AEco^^°;;^IiI^i: tT{± 1 ~8^^•;^ 
**fiF ^ Lv^o ECAEc^JnX^Oza^gJi 1 5 O^J^XS 0 oicmTWt Lv^o 
[0 0 6 7] 

ffSlc J;^5iiJDX«:1f JESiaK=Sr 1 5 0'Cm±5 0 QX,'S>XTh L> iBET^^ 

[0 0 6 8] 

?I^tJPXtrj:-5^ijpX=SrtT^i^'^«^ 5l^3jnX=Sr^T-? 1 5 0 t:m± 5 0 0 

mr. lfrfB5Ittx<^»rMm^^^**2 5 %J^±-e^* c: * Lv^o 

[0 0 6 91 

(j;i9»tL<{±i5 t ^ i9 . m^wmmmmm'&(r>m^mmLmi. o . i m 

jy.±l 0 0 mJl^TX-^^o lulS5iinXt?01i*>;' :^/-X^Ejg(±6 OHvJ^Jil 6 0 

[0 0 7 0] 

iJ^^-^ A-^^fti^t) t::^*PX^firo />:m(^5ijjpXtl ^'^^!!t3il=^^f d o 
S^#fi. za;S:*n 8 0'CM±4 0 0 *C^T, n-MmnWl^S-^^Xi:.! 5 0 0:9- 2 4 
5^r^) mrX'^-So iO^^atS^^Tofcf^605[^JPXt/t::ov^-C{i, |^^8!!i3®=£:^f ^ HUO^ 
SPXt>tcJt-<Tlf-;'*-y^^ffi:S.TOife^JK7&«fc^lcJt#-r^o i/c. IfeiSkSmoSlj&pX 

;i«it?r?to^eie<^M^^f± 1 0%m± (J;t)0^ L<(±1 5%m±) -fttrK 

^wmm.mm^<o^'!^m^mmt o . i mjiii± i o o mjjiTT'^-&o 

[0 0 7 1 1 

Jiia«<?)5^i^ 1 ~ 3 J: tL{f. V ^^^^ v- -^7 A^^<7)i£:*: L/cffl,^. nk.Xf.'^m.'MM 

[^M^Jl 
[0 0 7 2 1 

1 X\it^ 9 7m^^%Mg- liIi^%Z n- 2ig^-%Y0 3 5cm^^''^v'i7 
[0 0 7 3] 

^JfeM2T-{±, 9 7JE^%Mg- lil^%Z n-2ig^^%Dy<^37^^■^;X^~>'^7A'g• 
^4r^v^^o 
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mmm4X-ii. 9 71i^%Mg - im^%Z n-2iI^%E r O 3 7C^'t^'-^> v -^7 A-^ 
[0 0 7 4] 

^»J5-C{i. 9 6. 5JIi=-%Mg- im^^%Z n- imi^%Y- 1. 5M^%DyO 
4 TC^T ^ ^ i/ A -Sr ffi ^ o 
^ilMe-efi. 9 6. 51i^%Mg- IM^%Z n- liH^=-%Y-l. 5Jl^%GdO 

5M^J7-C{±. 9 6. 5iI^%Mg- 111^^%Z n- li^^%Y- 1 . 5M-f-%Er05 
4 TC^ V ;f v ^ -g-^ ^ ^ -g> o 

[0 0 7 5] 

mmmsX'lt^ 97. 5iI^%Mg- lil^%Z n-2®^^%Y-0. 5M^%LaO 
4 7C^ V ^ ^ V -i? A ^l- M V ^ o 

*WJ9T'(i. 9 7. 5j^^%Mg-0. 5M-7-%Zn-l. 5i^i^%Y-0. 5l^?- 
%Y b<^47G^Vi5'*^v">A'^^^ffiV^<g>o 

[0 0 7 61 

^5^J10T-{i. 9 6. 5II^-%Mg- 111^%Z n- 1 . 5M^% Y- 1 il^%D y 
O 4 V ^ -^7 A fli V > * o 

^MMll-eJi. 9 6. 5MT-%Mg- 111^%Z n- 1 . 5 1^^% Y - 1 G d 

mMmi2X-\i^ 9 6. 5iE^^%Mg- 1M^=-%Z n- 1 . 5 Y - 1 E r 

3-C{±, 9 62^^%Mg- lil^%Z n- 3M^%Y03x^-7^^^v'>A'^ 
[0 0 7 7] 

)mMlX\,i^ 9 7m^%Mg- 1/I^%Z n - 2il^%L a 3 x*-^^^ v 
Jt«S^M2-e{i. 9 7M^%Mg-lJl^%Z n-21g^%Yb<^)3 7G^"r^^^->.i7A'^ 
[0 0 7 8] 

)icMmZX\i. 9 7iI-?-%Mg- lj!I^%Z n- 2iI^%C e<^37G^V:?^:^'>^7A>g• 
^=SrffiV^^o 

Jt^M4T?t±. 9 7igi=-%Mg- lJ!g^%Z n-2Md^%P r (?5 3 7G^v^^^'>.i7 A-^ 

)^cM.m^X\t. 9 7iI^=-%Mg- lii^%Z n-2II^%Nd<^3 7cm-7i}^^-^'>'>-i.'^ 

Jt^^6T'{±, 9 7®^%Mg- 1M^%Z n- 2ilT-%Sm(^3 7G^-7^^^v«i7A-^ 

ibS5!«>!l7T?{±. 9 7II^%Mg - 11^^%Z n - 2J^^^%E uOSxmv^J^^v-^A-^ 

JtWJ8T{i> 9 7M^=-%Mg - 111^%Z n - 2M^%G d<?D35fc^'r^^'>.j;A'^ 

Jt^^ai 9 9 7iI^%Mg- 1I1?-%Z n- 2mi^%Tm<i:>37GmviJ^^v^A'^ 

0-C{±, 9 71^?-%Mg-lHi^%Zii-2lii=-%Lu037C^-^^^^i"J^A 
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[0 0 7 9] 
10 0 8 0] 

t-f. At :ff:^^m^^T-^mf&mmKx^ xmmm i ~ 1 3 . mmn i ~ i o rx^^ 

[0 0 8 1 1 

5 Kit. MMn 10-12 (^^^ffi^co^^j^^^^tL-cv^^o m 6 it^m 3 ~ 1 0 

[0 0 8 2] 

H^&^^^~?^^$tLTv>^o tfz. MMm 1 3 <D-7i^:^i^^ M.^^iizi^\,^x iiMMM^mW 

. itgt^i~i 0Rz/m^n'^ti^fi<D-7^r^.i^^A^^iiMmmmmmm<D^^m.m^ 

[0 0 8 3] 

1-12 Ri^itmi 1-10 ■€-tL-rtLo^^aii556»^mT<?)»i t^^^^ tL^co 

Mg-Z n-RE 37cm»3t^^T-{i. RE>5-'Y. Tb. Dy. Ho^ E r 
JSTO®«at>J»^'?^^$;?x^^tc^^L. RE3&>'La. Ce. Pr. Nd. Sm. Eu. Gd 
^ Yh<D^^iiMmmmmm7t^mm^fl^£\^-o Cdti. La. Ce, Pr. Nd. Sm 
. Eu, Yb i:/P-L^l|;*s^:&oT*5>). G d <^m^^ljn (ZnJ±i£l^a) T'iiftjg^aJl 
«7t{i:5^^$tt^V^75s. :5JgW«il«3S=^?i^^i-^7n*T**Y. Tb> Dy. Ho. E 

r t <^^>^»-^{i 2 . 5 tr ^) «jsMa®«jt**?^^ $ fi^ (mMm 6 , 1 1 

) o 

tfz^ La, Ce. Pr, Nd, Sm, Eu, Gd, Yb, Tmfi, Mg-Zn-RE 
(RE = Y, Tb, Dy, Ho, Er) Kmia-t^^^iZli, 1 JET-%mT^: ib, 

[0 0 8 4] 

Jt^^ 1 <DmikU<Dm^B'&mii 1 0 - 3 0 m@;K-e* l9 , it^m 2 <^»at#OMH^H«fc 
3 0 - 1 0 0 mmStX;^ ij , |IM^?fl 1 <^fldt#0^^i^@{± 20-60;uin-e*^ 

[0 0 8 5] 

/wo it«C^J10»7t#Olf-;':??-;^?IJg{i7 5HvT'*i9, ibicil!! 2 OilitW (7) if-;' * - 
:^Wmt& 9HvT'*i9, ^i&^Jl <^»it*t(^try :*-;^^j|Sfi 7 9H VC^ot^To 

[0 0 8 6] 

(EC AE^JDX) 

±M(DmmmiRxf)A:wtm\. 2^tLrft<Dm^UK4: o ox:xECAEi}ni:t:mLfz 

o ECAEJnX&ii, I^^N-lci^-^t>-f<^^^Ai-^/^ie)lc/N-;^^tcf^#ft^;^|6]:^9 0 
[0 0 8 7] 
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( E c A E mj:u<d e y 5& -xmmum.) 

ECAEMX^mLi-zn^^^yiJ-^^WmUmiiZX ^m-MLtio 4IllcoECAEinX 
m<^l^#<7) tf -^®Jg(i. Jtf^M 1 <Dm.n:^^ 8 2 H V . it^m 2 <D^m^ ? e H v . 

mMmi<Dm.^^^9 euvc^i). ECAEijajLmommtitwtLxi 0-2 o%(dm 

^<r>\ti±i!)^M.hflfZo 8m<DECAE-lEXiLfzU^X'it, 4 HOE C A EJnX^ L/v:^^ 
[0 0 8 81 

( E C A E tiaI#c7)^BH^i|ii^) 

ECAEinX=£-i&L/cM|!l-£OaM^^SEM> X R D J; o T^r-o /io JtlScffl 1 ^ 2 

tft'^tt=S:'f*o5t^ ^^if^SltTV^^(^>6S5i^.$tL7to SEIOE C AEJnX=£-L/cit 
mxii, 4|lI<^ECAE3jnX=S: Ltz^ntlitAyi^BMiZ^^m^^^^'ofZo 
[0 0 8 9] 

(ECAEtnX*tO?15i^®^) 

ECAE-bnT.^mLfz^n^'Bmu.mzxy)mmLtzo ^mm,m±. nmLif\^i,zML 
rmfizmm-o-f^mmsxi o- ^ y^<D^j^xn-otzo 4iii<^ECAEjnx^L/c« 

%<7)#tfL:*^7P$!&v>0^'itL. Hi&^^fl 1 <7)|iCJ^-e{i 2 6 OMP a<^|^i^jSt>fc 1 5%<0 
WV^mi^tZo itLfi. ^3t#<O#^7&*0. 2%jSa-;(3 1 0 OMP a, Wr^4%X-^^<D^ 

[0 0 9 0] 

(ECAESnx^to^iaa) 

4 [aoEC AE*[lX=|-:MiLfc^#=S: 2 2 sr-C^Sf^^t, -f^^f B#F^ ^i^MS^'fbc^M^ 

=Srii^L/co 1 oM«-e{i. 2 2 5 X:(7)mMm^m^^txm^ib^^hi,zm±L. 
'^mU.Wzx:hm'{^Btiii3 0 OMP a^-eiR]±-e§;sc:t;6^t>;&--o/io 
[0 0 9 1] 

tfz. MMMK^mitU^S 7 5VtXECAE<DlMJ:iMLm^Tif^t (iP*>||Jfe|fa 1 
<^l^it#?r4 0 OX:-e(±^< 3 7 5'CT-4 ll(^EC AEinX=^M1-t) ^ ^i&^JlcOEC 
AEinX#CD|^ffe/S^;{±3 0 OMP a t 1 2 %0#t>'^^L7to -?-LT. i<DECAEAn 
X«:ttt/tffc^R-tr 2 2 5t:<^l^^i![.31'&M^it tCi 0 ^ ?I3S^@^tC i -5, |^^^JS;lj{i 3 2 0 
M P a ^ t?|pJ_h-C' i ^ i t tL:^c:o 
[0 0 9 2] 

inmm 1 3 o^^-^^otftB L) 

^%Y0 3 7n^-7^^:^.'>>^A'^^'C^^„ C10f(F3t-g-^Sr, jaj£56«3 0 0 *C. ffifm^^P"^ 
:5*9 0%. nmLmm2. 5mm/#<7)^#-e^?mLiDXL>to ^<^#mLf^<0-7ir^'> 
•^A-^^fi. ^iaic:fev^-C4 2 OMP a 2 %<^#Z/^^L/io 
[0 0 9 3] 

^ mm. t ^sr lEH 1*1 xm.>fr mw. Lxnm-t ^ t j&wti-c * ;& o 
[iiiM<^ffim'S:ra] 

[0 0 9 4] 

mi} nmmi. itm^iRV'itmi2-frfL^fi(Dmikuom^Bm.m^^^^Mx 

[1112] MWm2 4 ^M^fl(OmitU<Dm^^i^^mirW^MX^^o 

m 3 ] mmm 5-7 -?-tt-rtt«o^it#o^^HM=^^i-^*-e* ^ o 
[n 4 ] 8 Rv^9 ^fi-^ti(Dmi&u<D^^Bm.m'S:^i-^mx$) ^ o 
m 5 ] mmu 10-12 -tfi^Mm^uom^mm^^-rmMx^ 
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